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(54) WIRELESS DEVICE

(57)  In a portable telephone 10, a first housing 11
and a second housing 12 are connected to each other
by hinge sections 13a and 13b which makes the first
housing 11 and the second housing 12 rotatable about
the long-side direction of the housings 11 and 12. A metal
frame 14 is provided at a peripheral section of the first
housing 11, and a display section 15 is provided at the
central section of the first housing 11. A metal, such as,
for example, a magnesium alloy and SUS, which is highly
conductive, light in weight, and high in mechanical
strength, is used for the metal frame 14. When such kind
of metal is used, the mechanical strength can be secured
even in a thin shape, and the metal frame 14 can also
be operated as an antenna element. On the other hand,
in the second housing 12, a circuit board 16 to which a
baseband circuit, a radio circuit, and the like, are mount-
ed, afirst feeding section 17 which supplies electric pow-
er to the metal frame 14, and a draw-out rod antenna 18

which can be drawn out from and housed in the housing
are supplied with electric power by the second feeding
section 19. Further, a key section (input section) 20 with
which input operations of a telephone number, charac-
ters, and the like, are performed is provided at the second
housing 12. Further, a cellular antenna 21 which per-
forms communication with a base station is also incor-
porated in the second housing 12. The rod antenna 18
can be drawn out in the direction substantially in parallel
with the rotation axis of the above described hinge. On
the housing end side opposite to the first feeding section
17 and the second feeding section 19 in the X-axis di-
rection, the ground in the first housing 11 and the ground
of the circuit board 16 are connected to each other by a
flexible ground conductor 22 via the hinge section 13b.
The ground is provided over substantially the whole rear
surface of the circuit board 16.
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Description
Background Art

[0001] In recent years, portable radio apparatuses
have become widely used. In the portable radio appara-
tus, since importance has been attached to portability
and since communication quality has also been required
to be improved, the design of antenna elements has be-
come important.

[0002] A foldable portable telephone described in Pat-
ent Document 1 as will be described below proposes a
technique inwhich, by supplying electric power to a shield
case provided in at least one of the housings of the port-
able telephone, the housing is made to operate as an
antenna so as to reduce gain change depending on the
state of a user's hand holding the portable telephone.
Further, a configuration in which a rod antenna is jointly
usedis also proposed. Forexample, in the foldable (clam-
shell) portable telephone disclosed in Patent Document
1 as will be described below, a rod antenna is provided
in a lower case (housing), and the proximal end section
(feeding section) of the rod antenna is connected to an
output terminal of a transmission circuit. In this technique,
the shield box provided in the lower case (housing) is
used as an antenna and the rod antenna is also used.
This makes it possible to obtain a high gain and to reduce
the gain change depending on the state of the hand of
the user of the portable telephone.

Patent Document 1: JP Patent No. 3830773 (see in
particular Figure 5 and Figure 13, and the related
description in the specification)

Disclosure of the Invention
Problems to be Solved by the Invention

[0003] However, in the conventional vertically open-
able clamshell terminal as disclosed in above described
Patent Document 1, there is a problem that when the
antenna excited by supplying electric power to the shield
case in one of the housings as well as the rod antenna
having the feeding section at the long-side direction end
section of the housing are both used at the same time,
the currents are made to flow in the same direction
through the ground conductor (ground layer housed in
the lower case 34 in Patent Document 1) to be operated
as a dipole antenna, and thereby the directivities of both
the antennas are made similar to each other.

[0004] An object of the present invention is to provide
a radio apparatus in which in the case where the radio
apparatus includes two antenna elements that are re-
spectively arranged at different housings and that are
used in the same frequency band, the directivities of the
two antennas are made substantially orthogonal to each
other.
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Means for Solving the Problems

[0005] In order to solve the above described problem,
a laterally long-shaped clamshell terminal according to
the presentinvention, which has a first and second hous-
ings each having a long-side direction length of about A/
4 or shorter than A/4 of the use frequency, and which has
a hinge section that connects the first housing to the sec-
ond housing rotatably about the long-side direction of the
housings, is featured by including: a firstantenna element
which is provided at the first housing; a second antenna
element which is provided near one of the long-side di-
rection ends in the second housing; a circuit board which
has a ground pattern and which is provided in the second
housing; and a first and second feeding sections which
are connected to a radio circuit on the circuit board.
[0006] According to the presentinvention, there is pro-
vided a radio apparatus featured by including: a first
housing; a first antenna element which is provided at the
first housing; a second housing; a second antenna ele-
ment which is provided at the second housing; a con-
necting section which connects the first housing and the
second housing to each other; first and second circuit
boards which are respectively provided in the first and
second housings and each of which has a ground pattern;
and first and second feeding sections which are connect-
ed to at least one radio circuit provided on at least one
of the first and second circuit boards, and featured in that
the first antenna element is electrically connected to the
first feeding section via the connecting section, in that
the long-side direction length of the firstand second hous-
ings is about A/4 or shorter than A/4 of the use frequency
of the first and second antennas, in that the second an-
tenna element is provided at a long-side direction end
section of the second housing, and in that the first anten-
na element and the second antenna element are used
in the same frequency band. It is preferred that at least
one of the first antenna element and the second antenna
element, and the ground pattern on the circuit board can
be operated as a dipole antenna.

[0007] Further, according to the present invention,
there is provided a radio apparatus featured by including:
a first housing; a first antenna element which is provided
at the first housing; a second housing; a second antenna
element which is provided at the second housing; a con-
necting section which connects a long side of the first
housing to a long side of the second housing; a circuit
board which is provided in the second housing and which
has a ground pattern; a radio circuit which is provided in
the circuit board; a first feeding section which is connect-
ed to the radio circuit and which supplies electric power
to the first antenna element via the connecting section;
and a second feeding section which is connected to the
radio circuit and which supplies electric power to the sec-
ond antenna element, and featured in that the long-side
direction length of the first housing and the second hous-
ing is about A/4 or shorter than A/4 of the use frequency
of the first antenna and the second antenna, in that the
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second antenna element is provided at a long-side direc-
tion end section of the second housing, and in that the
first antenna element and the second antenna element
are operated in the same frequency band.

[0008] Note that when the use frequency is set as f,
and when the velocity of lightis set as c, A can be obtained
as A =c/f. Itis preferred that the second antenna element
is electrically connected to the second feeding section
and is extended in the direction substantially orthogonal
to the direction of rotation of the hinge. The second an-
tenna element may be a rod antenna which can be drawn
out from the housing or which can be folded.

Advantages of the Invention

[0009] According to the present invention configured
as described above, in the state where the first housing
and the second housing are opened, current components
flowing through the ground conductors which respective-
ly form dipole antennas in both the antennas are sub-
stantially orthogonal to each other, and hence the direc-
tivities of the two antennas are also substantially orthog-
onal to each other on the surface formed by both the
housings. Therefore, a substantially non-directional an-
tenna characteristic can be obtained in the horizontal
plane at the time of browsing at the terminal when the
XY plane of the terminal is set substantially in parallel
with the horizontal ground surface. Therefore, even when
the radio apparatus is directed in any direction, the radio
apparatus can perform stable communication.

Brief Description of the Drawings
[0010]

Figure 1 is a functional block diagram showing a con-
figuration example of a portable telephone according
to an embodiment of the present invention.

Figure 2 is a schematic view showing an external
configuration example of the portable telephone ac-
cording to the first embodiment of the present inven-
tion.

Figure 3 is a view showing an example of a method
of connecting a first feeding section 17 to a metal
frame 14 in Figure 2.

Figure 4 is a view showing the directivity of a first
antenna and the directivity of a second antenna.
Figure 5 is a view showing a schematic configuration
example of a portable telephone according to a sec-
ond embodiment of the present invention.

Figure 6 is a view showing a configuration around
the hinge section in Figure 5.

Figure 7 is a view showing a schematic configuration
example of a portable telephone according to a third
embodiment of the present invention.

Figure 8 is a view showing a schematic configuration
example of a portable telephone according to a
fourth embodiment of the present invention.
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Description of Symbols

[0011] 10 ... Portable telephone (radio apparatus),
11 ... First housing, 12 ... Second housing, 13a, 13b ...
Hinge section, 14 ... Metal frame (conductive frame),
15 ... Display section, 16 ... Circuitboard, 17 ... Firstfeed-
ing section, 18 ... Draw-out rod antenna, 19 ... Second
feeding section, 20 ... Key section (input section), 21 ...
Cellular antenna, 22 ... Flexible ground conductor, 22a ...
Flexible cable, 23 ... Conductive hinge, 26 ... Impedance
variable section, 28 ... Second built-in antenna, 34 ... Ca-
pacitive element.

Best Mode for Carrying Out the Invention

[0012] In the following, radio apparatuses according
to respective embodiments of the present invention will
be described with reference to the accompanying draw-
ings. Note that in the following, a portable telephone will
be described as an example of the radio apparatuses,
but radio apparatuses, such as the other portable termi-
nal and stationary radio apparatus, are also included in
the scope of the present invention.

(First Embodiment)

[0013] Figure 1 is a functional block diagram showing
a configuration example of a portable telephone accord-
ing to an embodiment of the presentinvention. As shown
in Figure 1, a portable telephone 10 includes a radio com-
munication section 238, a cellular antenna 21 for radio
communication, a camera 112, a key input section 20, a
display section 15, a loudspeaker 114, a microphone
124, a control section 231, a storage memory 232, atuner
234, such as a one-segment tuner, and a housing anten-
na 14a and arod antenna 18 which are used for the tuner
234. The portable telephone 10 may have the other func-
tions. Note that reception signals from the housing an-
tenna 14a and the rod antenna 18 are inputted into the
tuner 234, but it is also possible to configure such that a
selector switch SW 32 is provided to allow only one of
the reception signals to be taken into the tuner 234.

[0014] Figure 2 is a schematic view showing an exter-
nal configuration example of the portable telephone (ra-
dio apparatus) according to the first embodiment of the
present invention. As shown in Figure 2, the portable
telephone 10 is configured by connecting a first housing
11 to a second housing 12 by hinge sections 13a and
13b (connecting sections) which connect the housings
11 and 12 to each other rotatably about the housing long-
side direction. A metal frame 14 (conductive frame: first
antenna) is provided at the peripheral portion of the first
housing 11, and the display section 15 is provided at the
central portion of the first housing 11. A metal, such as,
for example, a magnesium alloy and SUS, which is highly
conductive, light in weight, and high in mechanical
strength, is used for the metal frame 14. By using such
metal, it is possible that the mechanical strength is se-
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cured even in a thin shape, and that the metal frame 14
is arranged fully across the housing so as to operate as
the first antenna element.

[0015] On the other hand, a circuit board 16 to which
abaseband circuit, aradio circuit, and the like, are mount-
ed, and a first feeding section 17 which supplies electric
power to the metal frame 14 are provided in the second
housing 12. Further, in the second housing 12, electric
power is supplied by a second feeding section 19 to the
draw-out rod antenna 18 which can be drawn out from
or housed in the housing, and further the key section
(input section) 20 which performs input operations of a
telephone number, characters, and the like, is provided.
Further, the cellular antenna 21 which performs commu-
nication with a base station is also incorporated in the
second housing 12. The rod antenna 18 is configured so
as to be able to be drawn out in the direction substantially
in parallel with the axis of rotation of the hinge.

[0016] The ground in the first housing 11 and the
ground of the circuit board 16 are connected to each other
by a flexible ground conductor 22 via the hinge section
13b at the housing end side opposite to the first feeding
section 17 and the second feeding section 19 in the di-
rection of the X-axis (see Figure 2). That is, the first feed-
ing section 17 and the second feeding section 19 are
provided at the same end side in the second housing 12
in the extending direction of the hinge section 13a and
the hinge section 13b, while the connection point of the
ground of the circuit board 16 and the flexible ground
conductor 22 is provided at the opposite side end.
[0017] Aflexible cable 22a in which various cables are
bundled is provided along with the flexible ground con-
ductor 22. The flexible cable 22a is a cable which elec-
trically connects an electronic circuit (provided on a circuit
board (not shown)) provided in the first housing 11 to an
electronic circuit (usually provided on the circuit board
16) provided in the second housing 12. Note that the
ground (ground pattern) is provided on substantially the
whole rear surface of the circuit board 16.

[0018] Figure 3 is a view showing an example of a
method of connecting the first feeding section 17 to the
metal frame 14. The metal frame 14 and the cylindrical
hinge section 13a are formed into a shape integrally
molded with a magnesium alloy. A conductive hinge 23
is incorporated in the cylindrical hinge section 13a. The
conductive hinge 23 mainly has three sections each of
which is partially or entirely made of a conductive metal,
and which are a cylindrical conductive hinge main body
section 23a, a conductive hinge section spring section
23b that is arranged at the outer periphery of the cylin-
drical conductive hinge main body section 23a so as to
be in contact with the cylindrical hinge section 13a, and
a conductive hinge projecting section 23c that is provided
on the one side surface of the cylindrical conductive hinge
main body section 23a. As described above, the inner
wall of the hinge section 13a and the conductive hinge
spring section 23b are brought into contact with each
other by a suitable contact pressure, so as to be electri-
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cally conductive to each other. The conductive hinge pro-
jecting section 23c is connected with a suitable contact
pressure to a spring-like sheet metal 24 provided be-
tween the conductive hinge projecting section 23c and
the first feeding section 17, and is connected to the first
feeding section 17 via the spring-like sheet metal 24. The
first antenna element (metal frame 14) is DC connected
by the spring-like sheet metal 24 via the second housing
12, the first feeding section 17, the spring-like sheet metal
24, and the conductive hinge 23 so as to be supplied with
electric power.

[0019] Note that it may also be configured such that,
for example, a capacitor structure of metal-insulator (or
hollow body)-metal is formed on the outer peripheral side
surface of the hinge section 13a so as to be brought into
contact with the metal frame 14 of the first housing 11.
The antenna characteristic can be adjusted by adopting
such structure.

[0020] Further, on the circuit board 16, the first feeding
section 17 and the second feeding section 19 are con-
nected to the tuner section 234 via a matching circuit (not
shown). At this time, it is preferred that an impedance
circuit such as, for example, a filter, which is suitable for
the use frequency band of the cellular antenna 21, is
mounted in the matching circuit connected to the first
feeding section 17.

[0021] The present embodiment will be described by
using, as an example, the case where the first antenna
element 14 and the second antenna element 18 are used
as antennas for receiving one-segment broadcasting in
the same frequency band. Here, the same frequency
band means a frequency band having a fixed band width
in which a plurality of channels used by the same com-
munication system and method are collected.

[0022] The frequency band for one-segment broad-
casting, which is currently used in Japan, is 470 MHz to
770 MHz. Thus, the wavelength A is about 638.3 mm at
470 MHz, and is about 389.6 mm at 770 MHz. Further,
one fourth of the wavelength (A/4) is about 159.6 mm at
470 MHz, and is about 97.4 mm at 770 MHz.

[0023] The housing length of a common clamshell
portable telephone terminal in its longitudinal X direction
is set to a value from 80 mm to at most about 120 mm,
which value is very close to or slightly shorter than one
fourth (A/4) of the wavelength of the UHF band used in
one-segment broadcasting. In the present embodiment,
itis assumed, for example, that the housing length in the
X direction is 120 mm and that the housing length in the
Y direction is 50 mm.

[0024] (1) When electric power is supplied to the metal
frame 14 from the first feeding section 17, currentis made
to flow mainly in the Y direction on the metal frame 14
and the ground of the circuit board 16, so that the metal
frame 14 and the ground of the circuit board 16 operate
as a dipole antenna (hereinafter described as "first an-
tenna").

[0025] (2) Further, when the X-axis direction length
and the Y-axis direction length of the circuit board 16 are
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compared with each other, the X-axis direction length is
closer to A/4 of the use frequency. Thus, when the rod
antenna 18 is drawn out in the X direction, current is
made to flow mainly in the X direction on the rod antenna
18 and the ground of the circuit board 16, so that the rod
antenna 18 and the ground of the circuit board 16 operate
as a dipole antenna (hereinafter described as "second
antenna").

[0026] (3) Figure 4 is a view showing the directivity of
thefirstantennaand the directivity of the second antenna.
The current component flowing in the Y-axis direction on
the metal frame 14 and the ground surface of the circuit
board 16 acts as a dipole antenna, and hence the direc-
tivity of the firstantenna is an 8-shaped directivity in which
the Y-axis direction is set to null with respect to the hor-
izontal plane. Further, the current component flowing in
the X-axis direction on the second antenna element 18
and the ground surface of the circuit board 16 acts as a
dipole antenna, and hence the directivity of the second
antenna is an 8-shaped directivity in which the X-axis
direction is set to null with respect to the horizontal plane.
[0027] Therefore, the directivity of the first antenna is
effective to reduce the amount of deteriorationin the radio
wave in the case where both the ends of the second
housing 12 are held by hands, such as the case where
browsing is performed using the terminal in the state in
which the terminal is held substantially in parallel with
the horizontal ground surface, because the amount of
radio wave emitted in the direction of the human body
present in the -Y-axis direction is small in such case.
[0028] Note thatthe housinglength close to A/4 is most
effective because the directivity becomes close to the 8-
shaped directivity at the time when the housing length is
set close to A/4.

[0029] Since the directivity of the first antenna and the
directivity of the second antenna are orthogonal to each
other, the antenna characteristics of the antennas are
not substantially adversely affected by each other. When
the directivity of the first antenna and the directivity of the
second antenna are added to each other, it is possible
to obtain a high gain antenna characteristic which is sub-
stantially non-directional (nearly circular) with respect to
the XY plane. Thus, it is possible to obtain extremely
excellent antenna characteristics in comparison with the
time when the antennas are used, as a single antenna
serving as a diversity antenna, in such a manner that the
use of the antennas is switched by a switch.

[0030] Inthe one-segment broadcasting in Japan, the
base stations, which perform transmission by horizontal-
ly polarized waves, occupy the majority, and hence the
above described directivity is very advantageous in the
state of browsing at the terminal, or the like, in which
state the XY plane of the terminal is held substantially in
parallel with the horizontal ground surface.

[0031] Note that in the first embodiment, the metal
frame 14 and the rod antenna 18 are described as an-
tennas for receiving one-segment broadcasting, but the
antennas are not limited to the antennas for receiving
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one-segment broadcasting. The antennas described in
the first embodiment may be antennas for receiving other
broadcasting, such as full-segment broadcasting, and
may also be communication antennas which can be used
for transmission or reception. The antenna is particularly
effective at the time when the long-side (X-axis) direction
length of the housing is close to one fourth of the wave-
length (A/4) of the use system or shorter than A/4.
[0032] Further, in the first embodiment, the rod anten-
na, in which the second antenna element 18 can be
drawn out from the second housing 12 in the X direction,
is described as an example, but the drawing direction is
not limited to this. For example, even in the case where
the second antenna element 18 can be drawn out in the
Y-axis direction, when the second antenna element 18
is configured to be able to be folded in the X-axis direction,
the same effect can be obtained.

[0033] Further, in the first embodiment, the configura-
tion, in which the first feeding section 17 and the metal
frame 14 are connected by the conductive hinge 23, is
described. However, it may also be configured such that
the first housing 11 and a metal arranged in the second
housing 12 are overlapped with each other in a non-con-
tact manner so that electric power is supplied by the ca-
pacitive coupling. Further, the first antenna element is
not limited to the metal frame, and electric power may be
supplied to a shield case, or the like. Also, in the case
where the first antenna element and the hinge section
are not integrally molded, the same effect can be ob-
tained.

[0034] Further, electric power is supplied to the metal
frame 14 and the rod antenna 18 at the same end side
in the long-side direction of the second housing 12, but
the rod antenna 18 may also be configured so as to be
able to be supplied with electric power and drawn out at
the opposite end.

[0035] Further, the first embodiment is described by
using an example in which the antennas are used for
diversity, or the like, in the same channel. However, the
firstembodiment may also be configured so as to perform
two channel reception, or the like, by the separate chan-
nels in such a manner that the first antenna element and
the second antenna element are respectively connected
to separate tuners. In this case, even when both the an-
tennas are simultaneously used in the same frequency
band, since the directivities of the antennas are orthog-
onal to each other, the coupling between both the anten-
nasis small, and hence excellent antenna characteristics
can be obtained in each of the antennas. Further, the
antennas may also be used as antennas for MIMO, and
can also be used together with the methods of diversity,
two channel reception, or the like.

(Second Embodiment)
[0036] Figure 5 is a view showing a schematic config-

uration example of a portable telephone according to a
second embodiment of the present invention. Note that
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in Figure 5, portions identical with those in Figure 2 re-
ferred to and described in the first embodiment are de-
noted by the same reference numerals and characters,
and the explanation of the portions is omitted.

[0037] In Figure 5, the rod antenna 18 is arranged in
the second housing 12 and is configured to be able to be
drawn out in the X-axis direction. However, in this case,
the rod antenna 18 is configured such that a rod antenna
tiltable section 18a is provided at the root section of the
rod antenna 18, and such that the rod antenna 18 can
be folded from the state of extending in the X-axis direc-
tion to the state of extending in the Y-axis direction by
using the rod antenna tiltable section 18a as a base. Fur-
ther, the cellular antenna 21 is arranged at the opposite
end of the second housing 12 in the X-axis direction so
as to prevent that the cellular antenna 21 and the rod
antenna 18 interfere with each other at the time when
the rod antenna 18 is housed in the second housing 12.
[0038] Figure 6 is a view showing a configuration
around the hinge section 13b in Figure 5. The flexible
ground conductor 22 (along with which the flexible cable
22ais also provided as described above) is directly con-
nected to the ground at the side of the first housing 11,
and is made to pass through the inside of the hinge sec-
tion 13b so as to be connected to the ground section of
the circuit board 16 via an impedance variable section
26 configured by an impedance element. It is preferred
thatthe impedance variable section 26 is configured such
that the impedance thereof can be changed by imped-
ance adjustment means, such as a filter, not only in the
frequency band used by the first and second antennas
but also in the frequency band used in the cellular fre-
quency band.

[0039] Also in this case, the second antenna element,
and the current component which flows on the ground
surface of the circuit board 16 in the X-axis direction of
the ground surface, act as a dipole antenna, and hence
the directivity of the second antenna becomes an 8-
shaped directivity in which the X-axis direction is set to
nullwith respecttothe XY plane. As aresult, the directivity
and polarization of the first antenna are respectively or-
thogonal to the directivity and polarization of the second
antenna, so as to make it possible to obtain the same
effect as in the case of the first embodiment, and also to
make it possible to obtain excellent characteristics with
respect to the cellular antenna 21. That is, the antenna
characteristics of the cellular antenna 21 can be adjusted
by adjusting the impedance variable section 26 to the
frequency band used by the cellular antenna 21.

[0040] Further, the feeding points of the DTV antenna
and the cellular antenna are separated in distance from
each other, and hence there is little interference between
the antennas.

(Third Embodiment)

[0041] Figure 7 is a view showing a schematic config-
uration example of a portable telephone according to a
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third embodiment of the present invention. Note that also
in Figure 7, portions identical with those in Figure 2 re-
ferred to and described in the first embodiment are de-
noted by the same reference numerals and characters,
and the explanation of the portions is omitted.

[0042] In Figure 7, the first feeding section 17 is ar-
ranged near the center of the second housing 12 in the
X-axis direction thereof. Also in this case, since the metal
frame 14, and the current component which flows on the
ground surface of the circuit board 16 in the Y-axis direc-
tion of the ground surface, act as a dipole antenna, the
directivity of the first antenna 21 becomes an 8-shaped
directivity in which the Y-axis direction is set to null with
respect to the XY plane. As a result, the directivity and
polarization of the second antenna 18 are respectively
orthogonal to the directivity and polarization of the first
antenna, so as to make it possible to obtain the same
effect.

(Fourth Embodiment)

[0043] Figure 8 is a view showing a schematic config-
uration example of a portable telephone according to a
fourth embodiment of the present invention. Note that
also in Figure 8, portions identical with those in Figure 2
referred to and described in the first embodiment are de-
noted by the same reference numerals and characters,
and the explanation of the portions is omitted.

[0044] In Figure 8, the second feeding section 19 is
connected to a second antenna element 28. Here, the
second antenna element 28 includes a conductor formed
by a sheet metal, plating, or the like, and is incorporated
in the second housing 12. Also in this case, the second
antenna element 28, and the current component which
flows on the ground surface of the circuit board 16 in the
Y-axis direction of the ground surface, act as a dipole
antenna, and thereby the directivity of the second anten-
na becomes an 8-shaped directivity in which the Y-axis
direction is set to null with respect to the XY plane. Thus,
the directivity and polarization of the second antenna are
orthogonal to each other, so as to make it possible to
obtain the same effect.

[0045] Inthe fourth embodiment, electric power is sup-
plied to the second (built-in) antenna element 28 and the
metal frame 14 at the same end side in the long-side
direction of the housing, but electric power may be sup-
plied to the second antenna element 28 at the opposite
side end.

(Summary)

[0046] As described above, the radio apparatus ac-
cording to each of the embodiments of the present in-
vention is configured such that in the state where the first
housing and the second housing are opened, the direc-
tivities of the two antennas are orthogonal to each other
on the surface formed by the housings. Therefore, a sub-
stantially non-directional antenna characteristic can be
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obtained in the horizontal plane at the time of browsing
at the terminal when the XY plane of the radio apparatus
is set substantially in parallel with the horizontal ground
surface.

[0047] Note that the present embodiments have been
described by using a portable telephone as an example,
but it goes without saying that the present invention can
be applied to electronic apparatuses, such as a personal
computer, a PDA, and a PHS, each of which uses two
antennas. Further, the above described embodiments
are not limited to the configurations, and the like, shown
in the accompanying drawings, but may be suitably
changed within a range capable of exhibiting the effect
ofthe presentinvention. In addition, the presentinvention
can be practiced with proper modification without depart-
ing from the objects and the scope of the present inven-
tion.

[0048] Further, the processing of each section may be
performed in such a manner that a program for realizing
the functions described in the present embodiments is
recorded in a computer readable recording medium, and
that the program recorded in the recording medium is
read and executed by a computer system. Note that the
"computer system" here is assumed to include an OS
and hardware, such as peripheral apparatuses.

[0049] Further, the "computer system" is assumed to
include a homepage providing environment (or display
environment) in the case where the WWW system is
used.

[0050] Further, the "computer readable recording me-
dium" means portable media, such as a flexible disk, a
magneto-optical disk, a ROM, and a CD-ROM, and also
means a storage apparatus, such as a hard disk incor-
porated in the computer system. Further, the "computer
readable recording medium" is assumed to include a me-
dium, such as a communication line, which in the case
where a program is transmitted via a network, such as
the Internet, or via a communication channel such as a
telephone line, dynamically holds the program in a short
period of time, and also to include a medium, such as a
volatile memory in the computer system serving as a
server or a client, which medium holds the program for
a fixed period of time in such case where the program is
transmitted. Further, the above described program may
be configured to realize a part of the above described
functions, and further may also be configured to realize
the above described functions in combination with a pro-
gram already recorded in the computer system.

Industrial Applicability

[0051] The present invention can be used as a radio
apparatus.

Claims

1. A radio apparatus comprising:
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a first housing;

a first antenna element which is provided at the
first housing;

a second housing;

a second antenna element which is provided at
the second housing;

a connecting section which connects along side
of the first housing and a long side of the second
housing to each other;

a circuit board which is provided in the second
housing and which has a ground pattern;

a radio circuit which is provided in the circuit
board;

a first feeding section which is connected to the
radio circuit and which supplies electric power
to the first antenna element via the connecting
section; and

a second feeding section which is connected to
the radio circuit and which supplies electric pow-
er to the second antenna element,

wherein the long-side direction length of the first
housing and the second housing is about A/4 or
shorter than A/4 of the use frequency of the first
antenna and the second antenna,

wherein the second antenna element is provid-
ed at an end section of the second housing in
the long-side direction of the second housing,
and

wherein the first antenna element and the sec-
ond antenna element are operated in the same
frequency band.

The radio apparatus according to claim 1, wherein
one of the first antenna element and the second an-
tenna element, and the ground pattern on the circuit
board can be operated as a dipole antenna.

The radio apparatus according to claim 1 or 2, where-
in the second antenna element can be extended in
the direction substantially in parallel with the extend-
ing direction of the connecting section.

The radio apparatus according to any one of claims
1 to 3, wherein the first feeding section and the sec-
ond feeding section are arranged at the same end
side in the second housing in the extending direction
of the connecting section.

The radio apparatus according to any one of claims
1 to 3, wherein the first feeding section is arranged
near the center in the second housing in the extend-
ing direction of the connecting section.

The radio apparatus according to any one of claims
1to 5, wherein the first antenna element is supplied
with electric power by being DC connected to the
first feeding section.



10.

13 EP 2 302 816 A1

The radio apparatus according to any one of claims
1105, wherein the firstantenna elementis connected
to the first feeding section via capacitance.

The radio apparatus according to any one of claims
1 to 7, further comprising a switch which switches
the connecting destination of the radio circuit be-
tween the first antenna element and the second an-
tenna element.

The radio apparatus according to any one of claims
1 to 7, wherein the first antenna element and the
second antenna element are used as diversity an-
tennas.

The radio apparatus according to any one of claims
1 to 9, wherein the first antenna element is a con-
ductive frame which configures a part of one of the
first housing and the second housing.

10

15

20

25

30

35

40

45

50

55

14



EP 2 302 816 A1

0T~

uorIas
indur Aoy

L4l

suoydodrN
{48 8¢¢C
y uoI109s e
> < » UOIJEOTUNWIIOD
d Uo1193s [013U0D) oI
Ioyeadspno |e ! <
N
Pl AN
\\ : h > el1owe))
uonoos Aeidsil le— |7 -z
C17™A Y
AJowowt R Joun
SFIAIN 11 o
7 7 |C
[43
oT (434 vee

81

[ "DIA

10



EP 2 302 816 A1

1Z 91 uondap X

dq
L1 K W )
61

— )
5/ ZyaIIIninInIniE
— KSR D
\ —> ; 1T A} ) uonoAp X
\ Q€|
81
- BT/ TC
7/
I Sl

¢ OI4

11



EP 2 302 816 A1

etl

14!

143

¢ DIA

12



EP 2 302 816 A1

uordp X

uond2lIp A

BUUD)UR PUOIIS JO ANATIOMI(]

v 'OIq

13



EP 2 302 816 A1

91

uonoomp ¥

a
w

uondalp A

¢ DIA

14



EP 2 302 816 A1

eLe/ct

9 'DIA

15



EP 2 302 816 A1

61

uonoaIp X

81

14!

uorndAIp A

16

P~

L DIA



EP 2 302 816 A1

Ll 91 z1 UonOAIIp ¥
61 w Iz

8¢ N
eg 4 o

0¢

uoroAIIp A

—

qct

14! rad

8 DId

17



EP 2 302

INTERNATIONAL SEARCH REPORT

816 A1

International application No.

PCT/JP2009/062510

A. CLASSIFICATION OF SUBJECT MATTER

H04B1/38(2006.01)1,
(2006.01)1,

H01Q1/24(2006.01)1,
HO04B7/08(2006.01)1,

H01Q3/24(2006.01)1i, HO01Q21/29

H04M1/02(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H04B1/38,

H01Q1/24, H01Q3/24, H01Q21/29

, H04B7/08,

HO04M1/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

1922-1996
1971-2009

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2009
1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 3613526 B2 (Matsushita Electric Industrial 1-10
Co., Ltd.),
26 January, 2005 (26.01.05),
Full text; all drawings
& JP 2004-229048 A & US 2005/0239519 Al
& EP 1538694 Al & EP 2053689 A
& WO 2004/010530 Al & CN 1682405 A
A JP 2003-532351 A (Motorola, Inc.), 1-10
28 October, 2003 (28.10.03),
Full text; all drawings
& US 6658272 Bl & US 2004/0067783 Al
& EP 1297404 A & WO 2001/084269 A2
& AU 5563301 A & BR 110411 A
& CN 1430816 A

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

DN

“p”

“r?

“Q”
“p»

Special categories of cited documents:

document defining the general state of the art which is not considered to
be of particular relevance

earlier application or patent but published on or after the international filing
date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

14 September, 2009 (14.09.09)

Date of mailing of the international search report

29 September, 2009 (29.09.09)

Name and mailing address of the ISA/
Japanese Patent Office

TFacsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

18




EP 2 302 816 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2009/062510

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JP 2007-122195 A (Molex Inc.),
17 May, 2007 (17.05.07),
Full text; all drawings
& US 2009/0101405 A

& CN 101331743 A

A JP 11-98049 A (Kokusai Electric Co.,
09 April, 1999 (09.04.99),

Full text; all drawings

(Family: none)

A JP 2005-159391 A (Matsushita Electric
Industrial Co., Ltd.),

16 June, 2005 (16.06.05),

Full text; all drawings

& WO 2005/050980 Al

A WO 2007/138682 Al (Matsushita Electric
Industrial Co., Ltd.),

06 December, 2007 (06.12.07),

Full text; all drawings

& EP 2023437 Al

A WO 2006/046714 Al (Matsushita Electric
Industrial Co., Ltd.),
04 May, 2006 (04.05.06),
Full text; all drawings
& US 2009/0131129 A & EP 1806907 Al
A JP 2003-60759 A (Sony Corp.),

28 February, 2003 (28.02.03),

Full text; all drawings

(Family: none)

& WO 2007/050666 Al

Ltd.),

1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

19




EP 2 302 816 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» JP 3830773 B [0002]

20



	bibliography
	description
	claims
	drawings
	search report

